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PREFACE

This report synthesizes results of the Dredged Material Research
Program (DMRP) pertinent to extending the service life of disposal areas
by use of disposal area reuse management practices. The study was con-
ducted as Work Unit 5C12 of the DMRP for the Office, Chief of Engineers,
at the U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg,
Mississippi. This work unit is part of Task 5C, Disposal Area Reuse
(Dr. Raymond L. Montgomery, Manager) of the Disposal Operations Project
(Mr. Charles C. Calhoun, Jr., Manager).

The study was conducted by the Environmental Engineering Division
(EED) of the Environmental Laboratory (EL), WES, under the general super-
vision of Dr. John Harrison, Chief, EL, Dr. Roger T. Saucier, Special
Assistant, EL, and Mr. A. J. Green, Chief, EED.

This report was written by Dr. Raymond L. Montgomery, Chief, Water
Resources Engineering Group, EED, Mr. Alfred W. Ford, EED, Ms. Marian E.
Poindexter, EED, and Mr. Michael J. Bartos, formerly of EED. This re-
port is also being published as Engineer Manual 1110-2-5010.

The Commander and Director of WES during the study was COL John L.

Cannon, CE. Technical Director was Mr. F. R. Brown.
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GUIDELINES FOR DISPOSAL AREA REUSE

PART I: INTRODUCTION

Background

1. The Dredged Material Research Program (DMRP) included research
to develop a wide variety of approaches to the improvement of Corps of
Engineers (CE) dredged material disposal practices. One of the most
difficult problems facing the CE is the acquisition of land for dredged
material disposal areas. Choice land areas located near dredging proj-
ects have already been used, either for dredged material disposal or for
commercial development. Undeveloped lands near dredging projects are

' whose necessity in biological cycles make them

frequently "wetlands,'
too valuable to be damaged or destroyed by dredged material disposal
activities., A solution to this problem is to extend the service life

of disposal areas as much as possible through implementation of disposal
area reuse management practices. The objectives of disposal area reuse
management (DARM) practices are simply to develop procedures for main-
taining disposal areas convenient to dredging operations for an infinite
period while ensuring that disposal operations remain environmentally
acceptable and operational.

2. The purpose of this report is to present disposal area reuse
management guidelines developed under the DMRP. The guidance provided
herein has a threefold purpose. First, it 1s intended to describe the
concept of disposal area reuse and to show the role of disposal area
reuse in the long-range planning of dredged material disposal. Second,
it provides gulidance for determining the feasibility of developing
reusable disposal areas, either new areas or existing areas converted
for reuse. Third, it presents general guidance for preparing designs

for reusable disposal areas.



Concept of Disposal Area Reuse

3. A reusable disposal area is one from which all or part of the
dredged material is removed to restore storage capacity to the area. In
this sense, a reusable disposal area can be regarded as a dredged mate-
rial transfer station, where dredged material is collected, processed 1if
necessary, and removed for productive use or inland disposal. The ad-
vantages of a totally reusable disposal aresa (one from which all dredged
material is removed) over a conventional area are:

a. Elimination of land acquisition requirements, except for
inland disposal.

b. Justification for increased costs for high-quality dis-
posal area design and construction.

c. Permanent availability of disposal areas near dredging
sites.

d. Availability of dredged material for use as landfill or
construction material.

Partially reusable disposal areas, those from which only part of the
dredged material is removed, have the same advantages, but only during
the service life of the disposal area. For example, the practice of re-
moving dredged material from within a disposal area for use in dike
raising is a form of disposal area reuse because the service life of
the disposal area is extended by the removal of some of the dredged
material.

4. In addition to acting as a dredged material transfer station,
a reusable disposal area will also be a dredged material processing
center. The functions of a reusable disposal area may include coarse
material separation and processing to provide a specified coarse-grained
product; dewatering to make fine-grained dredged material suitable for
productive use, to make it easier to transport, or to increase the solids
storage capacity of an inland disposal site; and treatment of contami-
nated dredged material prior to removal.

5. Dredged material can be removed from a disposal area for a
variety of reasons, which fall into one of two categories: productive

use and/or inland disposal. Productive uses that have been investigated



during the DMRP include use for habitat creation and land improvement.
The removal of dewatered dredged material from disposal areas for use in
marsh creation provides some advantages over pumping dredged slurry
directly to the marsh site (bypassing the disposal area). Using the
dewatered dredged material ensures greater strength, provides better
control of surface elevation, and eliminates the need for a confinement
structure. Concepts for land improvement using dredged material include
strip mine reclamation, uses in solid waste management (sanitary land-
fill cover, etc.), and use as an agricultural soil or soil amendment.l
Field demonstrations to evaluate concepts for using dredged material for
habitat creation and strip mine reclamation were initiated under the
DMRP.

6. In some cases it may be feasible or necessary to remove dredged
material from a disposal area and transport it to an inland disposal
site to ensure that the disposal area is reusable. Such an operation
could be the solution for a problem of land acquisition near the dredg-
ing site. The transportation, productive use, and inland disposal of
dredged material are the subject of recently completed DMRP research and
will be summarized in Part II of this report.

T. It 1s impractical to incorporate within this report all the
detailed information from the research studies that provide important
input into the development of reusable sites. In some cases, large
portions of a research report would have had to be included to present
the ways behind the guidance provided. Therefore, this report is struc-
tured to present the "how to do it" guidance for the development of
disposal area reuse sites. In doing this, the report identifies avail-
able planning, design, construction, and management guidance in the form

of technical reports, engineering manuals, and DMRP synthesis reports.

Need for Policy Changes

8. Present philosophy and policy regarding dredged material dis-
posal is sometimes in conflict with the most efficient use of available
disposal area resources. Legal and policy constraints regarding sale

and use of dredged material, removal of dredged material from disposal

10



areas, and ownership of dredged material were identified by DMRP
research.

9. A greater degree of flexibility regarding removal of dredged
material and sales or donations of material is evident in cases of Fed-
eral ownership of disposal areas. In both the Philadelphia and Sacra-
mento Districts, where larger scale DARM programs were developed, sites
are Federally owned. When disposal areas are owned by project sponsors,
usually local or State agencies, questions arise as to legal jurisdic-
tion and ownership of dredged material placed in the sites. The issue
becomes more complex when easements are secured on private lands by
State or local sponsors for disposal by Federal authority. The DMRP has
completed research identifying major legal and policy constraints in
this area.

10. In instances when easements are secured on private lands or
lands are provided directly by local sponsors, acquisition of the site
is granted on conditions relating to ultimate return of the site to the
private owner or local sponsor. Return is usually tied to an expiration
date for easement or achievement of a maximum fill elevation within the
disposal area. Opposition by owners or sponsors to removal of dredged
material from such sites is understandable since higher elevations
gained by disposal operations may greatly increase land values and
potential for future development. Disposal areas acquired with eventual
return to owner or sponsor are suited to DARM concepts involving onsite
landfill or perimeter mounding. Such operations would usually add
greater value to the lands by providing suitable foundation conditions
for heavier construction and greater aesthetic benefits upon return of
the site for subsequent development.

11. Expansion of present sales and donation programs is hindered
by constraints imposed by both Federal law and Corps policy. Sale of
dredged material from disposal areas is usually through a competitive
bidding process, considering the material as excess government property.
Similar procedures, governed by State law or local ordinance, are used
in sales through the project sponsors. These procedures are effective

for large quantities when the market is present, reflected by high demand.
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However, the procedure is not well suited to sale of smaller guantities
or when quick access to the material is required by the user. In such
cases direct negotiation between the user and project sponsor would be
more appropriate and would encourage more frequent sales of material.
12. When material 1s sold as excess government property from
Federally owned sites, revenue is received by the General Services
Administration (GSA). Diversion of these funds to the District 0&M
budget would encourage increased promotion of such programs and would
allow greater use of resources for management of disposal operations.
On the other hand, if funds from sales were diverted to the Districts,
problems with timing may arise. Present requirements to expend all
available funds within a fiscal year may prevent the most judicious use
of the funds. Resolution of these problems would require an exception

to or the reform of present overall funding policies.
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PART II: PLANNING AND SITE SELECTION

13. A disposal area reuse project requires total project planning
and careful site selection. The major objective in planning a reusable
site is to provide long-term dredged material disposal capacity near the
dredging project. The resource dredged material is matched with needs
of this resource material for productive uses. The general planning

and site selection process is outlined with detailed guidance.

Constraints Associated with Disposal Area Reuse

14, In the development of a reusable disposal area, the dredged
material must either be used productively and/or disposed of at inland
sites. There are a number of constraints assoclated with these. They
can, however, be overcome with proper planning and coordinaticn. Legal
constraints that 1limit the range of possible uses of dredged material,
the laws and regulations that control its sale or donation, and the
official and public attitudes that can affect such actions were investi-
gated. Other constraints are related to social, environmental, and
institutional matters.

15. When disposal area reuse is considered, questions arise as
to legal jurisdiction and ownership of dredged material placed in dis-
posal areas owned by project sponsors and who should benefit from the
productive uses of the dredged material. At this time there are no
~lear solutions to the problem of disposal area ownership. However, it
appears from the DMRP research that for the most efficient use of avail-
able disposal area resources, more consideration should be given to
Federal control of disposal areas. For the purpose of this report,
"Faderal control" is defined as either Federal ownership or long-term
agreements with land owners to use the disposal site.

Productive uses considerations

16. The first step in planning for disposal area reuse through
productive uses of dredged material is to determine ownership of the

dredged material. From the DMRP research 1t was concluded that

13



ownership, in terms of right or freedom to remove and use the material

productively, is distributed as follows.

However, these are general

cases and ownership is highly variable from state to state.

Location of Material

Ownership

In place on bottom of navigable
streams and lakes and on coastal
shelf within limits of the
territorial sea.

Placed by dredge on shoals or on
water bottom.

Upland sites owned in fees by
State or local interest (harbor
commission, levee board).

Upland sites for which an ease-
ment or permit was obtained by
local interests.

On land for which the Federal
Government holds a grant or
proscriptive easement.

On private land for which a per-
mit or license was granted by
the owner to the Corps.

On private land for which 1i-
cense is bought and paid for by
Corps or a dredging contractor
with expectation of later remov-
ing the materials.

The State owns the material in
its natural state.

Ownership does not change.

Dredged material belongs to entity
owning the land.

Material belongs to the owner of
the fee, unless there was prior
agreement that the material could
be removed,

Question could turn on intent of
Government when materials were
placed on land. If material is
stacked and it is the stated in-
tent of the Government to move it
at a later time, it then belongs
to the Government. If it is
spread over the land with no ap-
parent intent to move it, it would
then belong to the owner of ser-
vient estate.

The quid pro quo was the value to
be added to the land by the
dredged material, and the owner
would claim it. It may or may not
be subject to payment of a royalty
to the State.

Material belongs to the holder of
such a license and the material
may be subject to a State royalty
if it is placed in commerce.

(Continued)
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Location of Material

Placed on Federal lands such as
a military base or land owned by
another Federal agency.

Placed on fastland created by
disposal of dredged material
over a period of years (e.g.,
Craney Island, Norfolk, Va., and
Sand Island, Honolulu) and occu-
pied by the Federal Government.

Placed on shoals which break
surface to create fastland
(e.g., bird sanctuaries) with
the knowledge and approval of
State, placed in a water's edge,
diked disposal site.

Inland disposal

Ownership

Material belongs to Federal Govern-
ment and may be disposed of with
the land as realty or, if stacked
in piles for later removal, as
personalty.

Material on the island would appear
to be property of the Federal
Government.

Ownership may depend on all circum-—
stances of the case. If a bird
sanctuary or a recreational island
was planned as part of a new
project, the practice has been to
recognize it as State land.

17. If dredged material cannot be used for productive purposes,

the alternative is to transport it inland for disposal. The constraints

associated with this alternative are related to costs, environmental

factors, and public attitudes.

18. Costs.

Costs for moving unusable dredged material inland to

disposal sites can be estimated on the pasis of the section on dredged

material transportation. Detailed cost evaluations should be made dur-

ing the planning stage based on a project-by-project determination. The

determination as to whether cost is a constraint would also be based on

the project needs.

19. Environmental factors.

Transport of contaminated dredged

material inland can affect the environment along the transportation

route, at the site, and in adjacent areas.

The planners must provide

for control measures for mitigating any environmental pollution caused

from inland disposal activities.

Significant environmental factors from

inland disposal activities include the following:

a. Blown dust from transporting equipment (open trucks,

rail cars, etc.).

b. Increased traffic congestion where trucks sare used.



Spills from trucks carrying wet dredged material causing
muddy roads.

e}

d. Leachate from disposal area.

e. Vectors.

f. Visual impact and aesthetics.

g. Introduction of foreign plant and animal species and

other contaminants into the area.

20. Public attitudes. The public will generally resist plans to

locate any type of land disposal facility near their homes. Planners
must be aware of the public's negative attitudes toward land disposal
facilities, recognize the need to plan an active role in gaining public
acceptance, and take a positive attitude toward inland disposal ares
development. An inland disposal site for contaminated as well as non-
contaminated dredged material can be an environmentally sound disposal
operation if planned, designed, and operated properly. It should be
stressed to the public that major efforts are planned to minimize any
adverse effects on local residents. It is important that the planner
cbtain a gauge of citizen's attitudes concerning the planned inland
disposal site early in the planning phase of the project. Knowledge of
potential areas of and reasons for opposition, determined through a
public attitude survey, will aid the planners in developing a dredged
material disposal site which will meet with public approval. Refer to

SCS Engineersl‘L for more detailed information.

Evaluation of Dredging Activities

21. The necessary data needed by the planner concerning dredging

5

activities were investigated by the DMRP. The following was taken and
modified from this research. The steps in obtaining the data needed to
make fundamental decisions in planning a reusable site are as follows:

Analyze dredging program.

|

b. Analyze dredging locations and quantities; project to
future.

Determine dredged material characteristics and possible
products.

el
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d. Analyze dredging equipment.
e. Sumarize dredging information.

Dredging program

oo, A forecast of the dredging program throughout the entire
planning period (20, 50, 100 yr, etc.) must be made. The locations,
volumes, frequencies, and types of material to be dredged must be esti-
mated. The number, types, and sizes of dredges to be employed should
also be scheduled in advance. This information is important for defin-
ing project objectives and provides part of the basis for disposal area
planning and design.

Dredging locations and quantities

23, Dredging locations and quantities are two of the most impor-
tant considerations in developing reusable disposal sites. The loca-
tions of future maintenance and new work dredging operations should be
identified and plotted on a map. This map can then be used in the ini-
tial phase of the site selection process. The map will also be useful
for delineating the area for conducting a dredged material market study.
Locations to be dredged in the future are estimated on the basis of past
experience. It is important to estimate the quantity of material to be
dredged because the design of the size and number of disposal areas is
based on the volume to be dredged. Volume must be known on an annual
basis and is also used to estimate the rate at which marketable dredged
material products can be made available. A confident estimate of vol-
umes to be dredged as a function of time throughout the planning period
ig difficult to obtain because shoaling is subject to fluctuations in
local hydrology, which cannot be predicted.

Properties of
sediments to be dredged

24, Perhaps the most important and difficult estimate is that of
the properties of the material to be dredged throughout the design life
of the disposal area. Since the feasibility of a reusable disposal area
is dictated by the ability of the District to find markets for the
dredged material, knowledge of the types of material that will be avail-

able is critical. In addition, the design of the area must be based

17



upon the type(s) of material to be handled.

25. It is necessary at this point in the planning only to deter-
mine the approximate amounts and locations of coarse- and fine-grained
dredged material expected. Further characterization of the types of ma-
terial to be dredged, e.g., classification under the Unified Soil Clas-
sification System (USCS), is desirable, but not necessary. A simple
coarse or fine analysis to be used as an estimate of the availability of
high market potential sand and gravel is sufficient. Other properties,
e.g., settling characteristics, evaporation/drainage rates, etc., will
be necessary for the design methodology presented in Parts III and IV.

26. Table 1 presents the ranges of classification test data deter-
mined for dredged material from 40O samples obtained throughout the
United States.6 This table shows that soils ranging from sands to fine
clay and organic particles are represented among the materials dredged.
Figure 1 shows the types of dredged material found in various regions
of the United States. This figure is intended to be only an indicator
of the types of material found in the various regions and not a quan-
titative representation.

Dredging equipment

27. In cases where dredging is performed by the CE, the type of
equipment can be predicted with some degree of accuracy. However, when
dredging is performed under contract, the contractors are free to use
equipment of their own choice. It is conceivable that a different type
or size dredge would be used each year. Changes in dredge type can have
significant effect on the design of a reusable facility because settling
basins, whose function is to ensure that water quality standards are met,
will be designed for a certain flow and solids concentration. They
should be designed on the basis of the maximum size dredge expected to
be used on the dredging project.

Summary of dredging information

28. All the required information concerning the locations, sizes,

and types of material in a dredging project can be presented on a plan
and profile map. The location of the shoal can be shown by the location

of the bar in profile and by a shading on the plan. Different shading
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in the bars can be used to represent different types of dredged material,
and the size of the bar can represent the quantity to be dredged. Plan
and profile maps should be prepared for past dredging and used to show
the future expected dredging requirements. Projections can be made from
these maps to estimate the quantities required for future dredging
activities.

Properties of dredged mate-

rial in confined disposal areas

29, DMRP work unit 5AO3T

was an investigation of the appli-
cability of conventional techniques for densifying dredged material.

For that study some knowledge of the properties of dredged material in
disposal areas, where densification would be implemented, was required.
Most of the following discussion is taken from that report, which con-
tains more detailed information as well as references to source material.

30. Physical properties. When pumped into a disposal area,

dredge slurry can have a dry solids content ranging from near O to ap-
proximately 40 percent by weight. Generally, this value is about 13 per-
cent. As the slurry flows across the disposal area, the solid particles
settle from suspension: coarse particles near the inlet (dredge pipe),
fine particles further into the area, and finest materials in the imme-
diate vicinity of the outlet. As the disposal operation progresses,
additional coarse-grained dredged material may accumulate in a mound
near the inlet, displacing the soft fine-grained dredged material.

31. After the disposal operation is terminated, the surface water
is drained from the disposal area. A surface crust begins to form on
the fine-grained dredged material as it desiccates. With time, surface
and base drainage cause some lowering of the groundwater table; the
surface crust continues to increase in thickness; secondary compressioh
effacts develop; and consolidation occurs as the effective weight of the
dredged material above the groundwater level is increased from a sub-
merged weight to a saturated weight. The dredged material below the
surface crust remains very soft and weak.

32, Data show that the water content of fine-grained dredged

material in disposal areas is generally less than 1.5 times the liquid
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limit of the material, and it is possible that in freshwater areas the
water content is about equal to the liquid limit. The liquid limit of
dredged material is generally less than 200, with most values between

50 and 100.

33. FEngineering properties. The surface crust associated with

fine-grained dredged material usually has a very low water content
(often near the shrinkage limit) that increases slightly with increasing
depth of the crust. The crust is usually overconsolidated due to the
increase in effective stress caused by high negative pore pressures re-
sulting from evaporation. Below the surface crust, however, the fine-
grained dredged material is extremely soft and weak, with water content
usually showing little change from the time of deposition (1.0 to 1.5
times the liquid limit). Density and shear strength increase very
slightly, if at all, with increasing depth.

34. Data show that engineering properties (strength, compress-
ibility, etc.) are generally better near the inlet than the outlet be-
cause the coarse-grained material settles near the dredge discharge.
The engineering properties of the fine-grained material in the contain-
ment area near the outlet are poorer and improve very slowly with

6,7

time. In general, it has been found that dredged material is a soill
at a high water content and if dewatered it exhibits properties expected

of soll with a high potential for productive uses.

Potential Uses

35. A major consideration during the planning phase of developing
the reusable disposal area 1s the use of materials necessary to permit
reuse of the containment area. If the dredged material solids being
dredged could be matched with productive uses requiring all of these
solids, the site would theoretically have an infinite service life.
Seeking out productive uses will be a major responsibility of the plan-
ner. The planner must be aware of the needs for soils within the proj-
ect areas. The fact that dewatered dredged material is a soil, may be

analyzed as a soil, and can be used as a soil encourages the productive
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use of dredged material as a natural resource.
36. Based on research by the DMRP the following areas are promis-—
ing for productive use of dredged material.

. Landfill and construction material.

|

. Surface mine reclamation.

o

. Sanitary landfill.

o

Ie

Agricultural land enhancement.

37. For further guidance on promising productive uses of dredged
material the reader is directed to Reference 1, which summarizes land
enhancement research conducted under the Productive Uses Project (PUP)
of the DMRP. It presents guidelines to engineers and planners for plan-
ning and implementing land improvement projects involving the use of
dredged material.

T,andfill and construction material

38. A need for landfill and construction materials exists in the
coastal regions of the United States.8 However, the need for these ma-
terials decreases with increasing distance inland. To be competitive
with the other sources of material, dredged material must be economi-—
cally and readily available. In addition, problems associated with the
quality of the material, whether these problems are real or imaginary,
must be resolved. A key to finding workable solutions to the disposi-
tion associated with dredging material and locating environmental and/
or economic uses lies with local and regional planning agencies. One
of the first steps in promoting the removal of dredged material from
disposal areas for use as landfill or construction is close coordination
with planning agencies.

39. As a landfill material, dredged material should be competi-
tive with other sources, but more ingenious disposal operations must be
designed to eliminate problems that presently exist. The major prob-
lems cited by the agencies contacted during DMRP research8 were the
contamination and extremely high water content of fine-grained dredged
material. Ecbnomic dewatering and solids treatment are considered

essential to the productive use of large amounts of dredged material.
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40. 1In addition to improvements in the quality of dredged mate-
rial, improvements are required in disposal operations to make the
dredged material more readily available to potential users. One sug-
gestion made repeatedly during DMRP research was to stockpile processed
(dewatered, decontaminated, etc.) dredged material in locations conven-
ient to potential users. BSuch an operation must be carefully conducted
to be dependable over a long period of time since it appears that, in
general, sand and gravel operators (and possibly other potential users)
will not avalil themselves of dredged material resources until at least a
10-year supply of material is guaranteed.

Surface mine reclamation

41. In many locations, strip mine reclamation using dredged mate-
rial appears feasible.8 Guidance for surface mine reclamation is given
in Reference 1 which also includes a discussion on a surface mine rec-
lamation demonstration project performed under the DMRP. Dewatered
dredged material was hauled by truck from a containment area in the
Chicago District and used to cover mine spoil at an abandoned mine.

Sanitary landfill

42, Another frequently mentioned potential use for dredged mate-
rial is to cover compacted refuse in sanitary landfills. Under the
DMRP, an investigation was conducted to evalualte the feasibility of
using dredged material in solid waste management projects.9 The con-
clusion was that dewatered, fine-grained dredged material would be suit-
able for use as an impermeable liner and as cover material at sanitary
landfills. Coarse-grained dredged material would be suitable for con-
structing leachate collection drains and decomposition gas vents. Uses
for fine-grained dredged material that had not been dewatered are ex-
tremely limited and are not likely to have a significant effect on
disposal area reuse. Corps' Districts should cooperate with local and
regional solid waste management authorities by making stockpiles of
dredged material available at the reusable disposal site. Detailed
guidance for evaluating and developing concepts for use of dredged

material in sanitary landfill projects is provided in Reference 1.
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Agricultural land enhancement

43. Dredged material can also be used to improve marginal lands
for agricultural purposes.lo Many marginal soils can be amended for
increased crop production through mixing with a suitable dredged
material. The physical and chemical characteristics of a marginal soil
can be altered by mixing in a suitable dredged material to such an ex-
tent that water and nutrients become more available for crop growth.
Increasing the elevation of marginal agricultural land with a cover of
dredged material may improve surface drainage, reduce flooding, and
lengthen the growing season.

Guidance for
productive uses approach

LY. The first step in planning for productive uses of dredged
material from the proposed reusable site is to conduct a survey to
identify potential markets or users. However, the planner must be care-
ful in this step of planning. Because of legal complexities regarding
dredged material ownership, State royalties, etc., Wakeford and
Macdonald3 should be reviewed, and legal and/or real estate experts
should investigate Federal, State, and local laws that might pertain.
Wakeford and Macdonald concluded that "material disposed of to other
than governmental tax-supported or nonprofit organizations, e.g., a

commercial enterprise, must be sold at its fair market value."3 The

following are considerations leading to the sale of dredged material:

a. If the District attempts to deal directly with consumers
(such as persons needing landfill), this places the Dis-
trict in direct competition with commercial suppliers of
raw materials. If the District allows its price to float
(via competitive bids) in order to unload a large quantity
of dredged material at a "fair market price," this will
tend to take business away from commercial suppliers of
similar materials and perhaps force them to cut prices
to recover sales volume. Clearly, there would be strong
opposition from commercial suppliers to such a District
policy. Alternatively, the District could set prices
that do not undercut those charged by commercial sup-
pliers. (Note that Wakeford and Macdonald3 cite many
instances of sales and donations, apparently without
serious opposition from commercial suppliers.)
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The District could avoid the competition issue by dealing
with commercial suppliers via competitive bidding, with
the commercial suppliers then retailing the dredged mate-
rial products to consumers. It is possible, however,
that the bids received will not entirely cover the Dis-
trict's costs for processing and transporting the mate-
rial. This would give an appearance of subsidization,
which conflicts with past Corps policy wherein added costs
for disposing of dredged material for the benefit of some
individual must be covered by the beneficiary. This of-
ficial policy, however, has been abrogated in recent
years. Many Districts are incurring added costs to pre-
vent alleged environmental degradation with the "bene-
ficiary" being the American people. In a specific case,
the St. Paul District is absorbing additional transport
costs to remove dredged material from the environmentally
sensitive floodplain and make it available for productive
uses. Beneficiaries include local governments, e.g., the
City of Minneapolis, Minnesota, and a commercial firm.¥
The DMRP legal constraints report suggests that the sub-
sidy issue might be side-stepped if the Corps would "place
the material on state-owned or controlled sites....and
encourage the states to let competitive or negotiated
contracts to reclaim the material, even if they (the
States) have to subsidize the contractor.'3

45. The market/user survey performed during the planning phase of

reusable site development must include the following information:

a.

|o'

Identify potential customers for dredged material products
(both raw material suppliers and/or actual consumers).
Adverse locations of customers (because of distance or
relative inaccessibility from possible disposal areas)
could preclude productive use of the dredged material
and, therefore, affect the types of processing at the re-
usable site. Customer location can also influence reus-
able site location. For example, it would generally be
advantageous from a transportation standpoint to locate

a reusable site on the same side of the river as a
potential major customer.

Quantify the potential demand. If the survey shows a sub-
stantial demand for products requiring extra processing
(e.g., ASTM*¥ Fine Aggregates), but little demand for un-
classified material, then the District must weigh the
advantages of reducing the waste disposal problem by the

¥ Personal communication between Dennis Cin, U. S. Army Engineer Dis-
trict, St. Paul, Construction-Operations Division, and Thomas Raster,
Acres American Incorporated, 8 Oct 1976.

¥¥ ASTM = American Society for Testing and Materials.
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samount of dredged material that could be consumed versus
the added costs for the equipment and multistage handling
needed for the processing. To assist in this decision,
the survey should assess revenue possibilities.

Determine possible revenue. If revenues from the sale
of a specific product can offset the added cost for the
extra processing, site design should include the neces-
sary equipment. Even if the added cost is not entirely
offset, sufficient savings might accrue from reduced
waste disposal costs to justify the extra processing.

|0

Refer to Reference 5 for more information regarding market and user sur-

veys for dredged material.

Dredged Material Transport

46, If users do not come to the reusable site and remove the
dredged material, it must be either stockpiled and moved later or
transported inland for disposal and/or productive uses. A study of
dredged material transport systems for inland disposal and/or produc-
tive uses was conducted.ll This study serves as the basis for the
following discussions.

47. It is important that transport systems and costs be eval-
uvated during the feasibility stage of the reusable site planning pro-
cess because transport costs are significant in determining project
feasibility. Legal, political, sociological, environmental, physical,
technical, and economical aspects should be examined in relation to
availability of transport routes. Project feasibility is ultimately
determined by estimating costs and selecting a specific transport mode.

48. Tederal and State regulations and local ordinances control
transport procedures which can impact on project viability. Problems
to be considered include: allowable noise levels along transport
routes (Noise Control Act of 1972), air pollution emission levels
(Clean Air Act of 1970), traffic and shipment regulations in specific
zones, truck weight limits (Highway and Safety Regulations), and acci-
dental spill responsibility. Other considerations which are transport'
mode specific are presented in References 1 and 12, where specific

transport systems and limitations are discussed.
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Dredged material
transport systems and modes

49, Transport systems. The major elements to transport systems

are loading, transporting, and unloading. The loading and unloading
operations are situation dependent and are major cost items for short
distance transport. The hydraulic pipeline is the only system which re-
guires a unique rehandling operation; all other modes may interchange
loading and unloading components to suit the specific needs. Loading,
unloading, and transporting elements can be separated into detailed
components and each component examined for capacity, operational
schedule and cycle, and costs of equipment and operation and maintenance.
50. Restrictive considerations are enumerated after each trans-
port mode to ensure that unforseen problems do not arise subsequent to
the selection of that transport mode for a specific project. The con-
siderations should delineate viability of any particular transport mode.

51. Transport modes. The planner should consider both land and

water modes. Five transport modes, hydraulic pipeline, rail haul, barge
haul, truck haul, and belt conveyor, were investigated by the DMRP.ll
They concluded that when unusual circumstances exist for a given trans-
port need, the following practical distance limits are recommended for
each transportation mode:

a. Hydraulic pipeline. Recommended for distances up to 125
miles.¥

b. Rail haul. Recommended for distances between 50 and
300 miles.

Barge haul. Recommended for all transpert distances
where suitable waterways exist.

e}

e

Truck haul. Recommended for distances up to 50 miles.

Belt conveyor. Belt conveyor movement should be con-
gidered for those applications where large volumes are
required to be moved short distances.

1o

52, It is recommended that the planner follow this sequence when

selecting the most desirable transportation alternative:

¥ A table of factors for converting U. S. customary units of measure-
ment to metric (SI) can be found on page T.
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a. Identify the available transportation routes and their
respective distances for the movement of dredged material
to an inland disposal site.

b. Determine the nature and characteristics of the dredged
material transported, i.e., slurry or dried state.

c. Determine the annual volume of dredged material to be
transported and volumes anticipated annually.

d. Estimate costs for each mode of transportation. Use
Reference 11 and other sources for cost estimates.

e. Evaluate technical, legal, envirommental, and institu-

tional considerations for each mode to ensure the
practicability of the application.

f. Select the desired transportation alternative.

53. It is possible for specific applications that barge and truck
haul, or barge and pipeline slurry modes, as well as other potential
combinations, could be utilized. Unit costs can be combined to evalu-
ate the total transportation systems cost. Table 2 is presented to
provide a comparison of costs for the five modes of transport discussed
above. Detailed cost evaluations for these modes of transport are
given in Reference 11. Table 2 and Reference 11 provide general cost
guidance for these transportation modes. Since these costs are highly
site specific, costs should be developed specifically for each reuse
site considered.

General planning guidance

54, Dredged material transport will always be required at the
disposal area reuse site. It may simply be needed to stockpile the
resource material at the site to provide easy access for users. The
significant cost for dredged material transport would be associated
with inland transport of the material. On the basis of DMRP research,
the following general guidance is provided for the planner:

a. Truck haul is the most convenient and easily operated
mode of transportation available and is recommended for
short distances.

o

Rail haul and barge movement of dredged material are
feasible over a wide range and are the only viable modes
of transport for distances beyond 125 miles.
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Table 2

Comparison Costs in Dollars per Cubic Yard at Various

Transport Systems, Quantities, and Distances

Annual
Quantity
cu yd

Transport
Distance
miles

500,000

1,000,000

3,000,000

5,000,000

10
20
100
250

10
20
100
250

10
20
100
250

10
20
100
250

System
Pipeline Rail Barge Belt Truck
2.47 * 2,47 8.98 h.57
3.1k * 3.14 15.15 6.61
9.54 7.18 h.71 * 13.69
® 9.32 T.h1 * *
1.46 * 2.92 5.39 3.73
1.91 * 3.1k 13. 47 L.19
6.45 5.39 4. k49 * 12.91
* 7.58 7.18 * *
0.79 * 2.70 2.25 3.17
1.12 % 2.92 3.93 3.56
k.10 L.21 L. Lo * 12.35
* 5.34 T.35 * *
0.67 * 2.81 1.68 3.05
0.90 * 2.92 3.1h 3.42
3.48 L.ob L.38 13.58 12.07
* 6.06 T.07 * *

Note: The general cost estimates in this table are taken from Refer-

ences 12 and 13.

(Table taken from Reference 1.)

These costs are adjusted to March 1978 dollars.

¥ TIndicates economically not feasible.
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Constraints to barge and rail hauls are route avail-

ability and proximity to inland disposal site and/or
productive uses sites.

|2

Belt conveyors are the most expensive mode of transport,

and have been used effectively for loading and
unloading.l

| @

Hydraulic pipeline is the only valid transport mode for

dredged material slurry.

Site Selection for Reusable Site

Outline of methodology

55. The following methodology provides a step-by-step procedure

for identifying the most economical site location. This methodology

includes consideration of site design in the site selection process.

Social and environmental constraints are factored into the selection

process; impacts must be weighed in choosing among alternatives that are

economically similar. For more details on site selection, the reader

should refer to Reference 5, on which this section was based. The

methodology is broken down into phases as follows:

a. Phase I - Preliminary Data Collection:

(1)

(2)

|o

Define dredging program to be served--dredging
locations, quantities, primary dredge, and dredge-
to-disposal site transport system.

Determine critical dredged material properties,
such as physical and engineering characteristics,
settling properties, contaminants, etc.

Locate viable markets/users and examine capabilities
of regional transport system.

Identify possible disposal sites—-existing disposal
sites or other undeveloped areas. Consider insti-
tutional and dredge/initial transport capability
constraints.

Phase II - Selection of Candidate Disposal Site/Systems:

(1)

Select viable candidate disposal sites--locations
and types (conventional, reusable, or waste). Use
clear-cut and judgmental constraints to combine
individual disposal sites into alternative multi-
site systems capable of handling the projected
dredged material quantity to screen out unsuitable
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|+

sites. Consider dredge/initial transport capabili-
ties, area/volume needs, market/user requirements,
availability of offsite transport, etec. Then use
qualitative assessments of relative costs and social/
environmental impacts to eliminate suitable, but less
desirable, sites.

Conduct necessary field studies at remaining candi-
date sites to collect site-specific data on: geol-
ogy, groundwater, possible borrow areas, social/
environmental setting, applicable effluent standards
and ambient water quality, and land costs. Tor re-
usable sites, also collect information on specific
market/user needs, availability of waste disposal
areas, and offsite dredged material transport.

Phase ITIT - Process Selection/Preliminary Site Design:

(1)

(2)

(3)

Select the specific reusable process best suited for
each candidsate.

Develop preliminary layouts and cost estimates using
generalized design and cost guidelines provided in
References 5 and 11 and in Parts IT and IV. Deter-
mine total costs and impacts of alternative systems.

Identify impractical, costly, and socially/
environmentally unsatisfactory sites.

Phase IV - Candidate Screening:

(1)

Select best disposal systems (no more than two or
three). Economics is the primary consideration at
this point, social/environmental impacts are used to
choose between economically similar alternatives.

Collect detailed site data--topography, foundation
soils, groundwater, environment, unit costs. Con-
duct public information program; survey public re-
action to probable impacts.

Phase V - Detailed Designs and Cost Estimates:

(1)

(2)

Adjust processes and layouts to fit additional engi-
neering and social/environmental information.

Prepare proper engineering designs and cost esti-
mates to replace those prepared in Phase IIT from
generalized design and cost guidelines.

Phase VI - Final Selection. Make final selection of

disposal area reuse site locations/processes on economic
basis, with full consideration of unavoidable adverse
social/environmental impacts.
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56. The methodology is structured so that it may be entered or
left at any stage, provided the planner has the necessary inputs or
outputs. For example, a planner's experience might narrow the list of
possible candidates to a few. This planner could enter the methodology
at Phase III or even Phase V if the specific disposal operation has al-
ready been selected. Conversely, a District concerned merely with the
feasibility of changing its present dredged material disposal program
might start at Phase I and exit after Phase IV when preliminary costs
and operation modes of alternative sites have been determined.

Input requirements

57. The sponsor plays a vital role in the methodology beyond that
of just providing obvious inputs, such as field data on candidate sites,
dredge plant, dredged material, etc. The methodology relies on sponsor
experience and judgment at several key decisiommeking points. This is
particularly evident early in the methodology during initial selection
of the number, location, and operational mode (conventional or reusable)
of the candidates. Without this early decisionmaking, the methodology
would become impossibly cumbersome; detailed analyses would have to be
made for all possible alternative disposal operations at all likely
sites, an impracticably costly and time-consuming task.

58. In Phase I, for example, the sponsor must identify possible
disposal sites and, for reusable disposal sites, likely markets/users
and potential waste disposal sites. In some cases, the decision will be
straightforward. A candidate area with poor landward access likely
will not be suitable for a reusable site requiring offsite transport of
products and wastes. However, this same candidate might serve satis-
factorily for a conventional site where the material need not be re-
moved. The methodology provides guidelines to assist in these decisions,
but experience and judgment still play a major role. Obviously, a more
efficient study can be conducted if the study area is well known. Spon-
sor personnel can focus on a small number of better candidates, rather
than cover a large number of candidates with varying potential.

59, In Phase IIL, the sponsor selects specific operations for

each candidate site. These decisions are made on the basis of a market
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analysis and a review of planned land use developments, anticipated
legislative trends (particularly in the environmental field), projected
dredging quantities, etc. However, these decisions still amount to
subjective assessments because the above factors can change quickly.

60. The most important subjective judgments are made in
Phases I-III. Later in the methodology, decisions become more objective
as the number of alternatives decreases. The fewer alternatives permit
more extensive analysis, hence more quantitative measures of economic,
social, and environmental factors. Clearly, however, the sponsor's
decisionmaking power is never usurped by the methodology; the method-
ology merely provides the sponsor with a tool laying out all the per-
tinent factors in a logical, step-by-step manner.

61. The sponsor should approach the methodology with the attitude
that the results of this study, if adopted, will be the major influence
on the dredging program over the next 10, 20, or more years. Accord-
ingly, the sponsor should be prepared to make a serious commitment in
terms of manpower, time, and money.¥* Savings will result if records
of the District's dredging program are complete, accurate, and up-to-

date and if District personnel are familiar with the study area.

% A purely conceptual study or a study involving only one or two
dredging locations will be smaller in scope, thereby reducing the
magnitude of the study considerably.
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